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大部分兽药的仪器测定限在 1.0 μg/L 以下；在 0.1~500 μg/L 浓度范围内具良好线






取填料对水样中多种类兽药的富集能力， 终选择了 HLB（500 mg/6 mL）固相
萃取柱并优化了洗脱溶剂及其体积、淋洗溶剂及其体积、过柱速度、水样 pH、
盐度、Na2EDTA 添加和过柱体积。在 优条件下，进行基底效应和方法加标回
收率的验证。采用基底匹配工作曲线对加标 20 ng/L 和 100 ng/L 混标的水样进行
回收率的校正，克服基底效应产生的影响。方法除了对 5 种雌激素类、螺旋霉素


















收率和 RSD（n=4）分别为 42.2%~117.3%和 0.1%~14.6%；方法检测限（Method 
Detection Limits，MDLs）在 0.1~5.0 ng/L，满足表层水中痕量兽药的检测需求。
应用该方法分别于 2011 年 5 月（丰水期）和 2011 年 10 月（枯水期）对九龙江
上游北溪、西溪表层水，2011 年 4 月（丰水期）和 2011 年 8 月（枯水期）对九
龙江河口及厦门近岸海域中的表层水中 79 种兽药残留进行监测。结果显示，河
水和海水中检出 15 种磺胺、4 种喹诺酮、2 种四环素、结晶紫、2 种大环内酯和
氟甲砜霉素，检出浓度在 0.1~388.3 ng/L，具有较显著的分布特征。 
（3）沉积物中兽药多残留分析方法及其应用 
以河口沉积物为基底，利用 HLB 固相萃取柱建立了步骤简单、净化效果好
的兽药多残留预处理方法。实验选择 HLB（500 mg/6 mL）固相萃取柱并优化了
萃取溶剂、淋洗溶剂及其体积、过柱体积、Na2EDTA 添加和铜粉添加量等。在
优条件下，进行基底效应和方法加标回收率的验证。采用基底匹配工作曲线对
加标 4 μg/kg 和 20 μg/kg 混标的沉积物进行回收率的校正，克服基底效应产生的
影响。海洋沉积物中除了 3 种 β-受体激动剂、4 种 β-内酰胺、己烯雌酚和喹乙醇
的回收率较差外，其余 70 种目标兽药在两个加标浓度下的回收率和 RSD（n=4）
分别为 40.4%~127.9%和 0.4%~17.9%；MDLs 在 0.02~1.0 μg/kg。池塘沉积物中
除 7 种喹诺酮类、2 种 β-受体激动剂、3 种大环内酯类、头孢噻呋、3 种雌激素、
喹乙醇和尼卡巴嗪的回收率较差外，其余 61 种目标兽药在两个加标浓度下的回
收率和RSD（n=4）分别为 40.1%~131.6%和 0.6%~12.0%；MDLs在 0.02~1.0 μg/kg。
方法满足于沉积物中兽药多残留检测。于 2011年 12月对九龙江河口沉积物、2011
年 6 月和 11 月对漳州养殖虾塘沉积物进行多种类兽药监测。结果显示，沉积物
中检出 6 种磺胺、3 种喹诺酮、林可霉素、4 种四环素和 3 种工业染料，检出浓




上样体积和 Na2EDTA 添加等。在 佳实验条件下，进行基底效应和方法加标回




















43.5%~136.4%和 0.3%~15.8%（贝）；大部分兽药的 MDLs 在 0.1~0.5 μg/kg，满
足水产品中兽药残留的检测需求。于 2011 年 3 月~2012 年 4 月对厦门市场常见
水产品（鱼、虾、贝及其干制品）中兽药多残留进行调查。结果仅在养殖虾中检
出 4 种喹诺酮、结晶紫和氟甲砜霉素，检出浓度在 0.2×10-1~2.6 μg/kg，低于国内




















With the rapid development of livestock agriculture and aquaculture, the types 
and usage of veterinary drugs are keeping increasing. Veterinary drug residues in 
animals and aquatic environment are threatening food safety and drinking water 
resources. In this work, methods for simultaneous determination of about 79 
representative veterinary drugs in aquatic environment (water and sediment) and 
aquatic products were developed using liquid chromatography coupled with tandem 
mass spectrometry (LC-MS/MS) and successfully applied to pollution survey. The 
research contents and results are as the following: 
1. Establishment of instrumental analysis method for 79 veterinary drugs using 
liquid chromatography coupled with tandem mass spectrometry 
A method for simultaneous detection of 79 veterinary drugs using liquid 
chromatography coupled with tandem mass spectrometry (LC-MS/MS) under 
multiple reactions monitoring mode (MRM) was developed. The LC conditions and 
MS parameters (parent ions, daughter ions, fragmentor voltage, and collision energy) 
were optimized. Under the optimized conditions, the instrumental detection limits of 
most target veterinary drugs reached 1.0 μg/L. Good linearities were obtained in the 
range of 0.1~500 μg/L. 79 target veterinary drugs were divided into three groups and 
the entire detection process could be accomplished within 75 min.  
2. Establishment and application of simultaneous determination method for 
veterinary drug multi-residues in river water and sea water 
SPE cartridges, elution solvent, rinse solvent, loading speed, water pH, salinity, 
Na2EDTA addition amount and breakthrough volume were investigated. Matrix 
effects and  quantitation methods were evaluated and matrix match calibration 
method was selected for subsequent studies. Under the optimized conditions, at 20 
ng/L and 100 ng/L spiking levels, recoveries and RSD (n=4) of 72 target veterinary 
drugs were 40.8%~128.4% and 0.2%~14.0% for river water and 42.2%~117.3% and 
0.1%~14.6% for seawater, except for 5 estrogens, spiramycin and nicarbazin. Method 
















North River and West River were surveyed in May 2011(rainy season) and October 
(dry season), Jiulong Estuary and Xiamen coastal area in April 2011(dry season) and 
August (rainy season) with this method. Results showed that 15 Sulphonamides, 4 
Quinolines, 2 Tetracyclines, 2 Macrolides, Crystal violet and Florfenicol were 
detected between 0.1 ng/L and 388.3 ng/L in surface water samples. Category, 
concentration and distribution characteristics were discussed. 
3. Establishment and application of simultaneous determination method for 
veterinary drug multi-residues in sediment 
Simultaneous extraction solvent and cleanup procedure for were studied, 
Influencing factors such as rinse solvent, dilution volume, Na2EDTA addition amount  
were investigated. Under the optimized pretreatment conditions, matrix effects and 
matrix match calibration method were evaluated. Recoveries and RSD (n=4) of 61 
target drugs calculated by matrix match calibration curve at two spiking levels were 
40.4%~127.9% and 0.4%~17.9% for sea sediment and 40.1%~131.6% and 
0.6%~12.0% for pool sediment, respectively. MDLs were in the range of 0.02~1.0 
μg/kg. Sediment samples from Jiulong Estuary and Zhangzhou shrimp farm were 
analyzed using developed method. 6 Sulphonamides, 3 Quinolines, 4 Tetracyclines, 3 
Dye Drugs and Lincomycin were detected with concentration 0.1~85.6 μg/kg. 
4. Establishment and application of simultaneous determination method for  
veterinary drug multi-residues in aquatic products 
Multi-residual determination method was established through extraction solvent 
and cleanup optimization. Under the optimized conditions, recoveries of 78 target 
drugs calculated by matrix match calibration curve at 4 μg/kg and 20 μg/kg spiking 
levels and RSD (n=4) were 40.8%~125.6% and 0.1%~16.0% for fish, 42.9%~131.9% 
and 0.1%~14.0% for shrimp and 43.5%~136.4% and 0.3%~15.8% for shellfish, 
respectively. MDLs were between 0.1 μg/kg and 0.5 μg/kg. Typical aquatic products 
in Xiamen were surveyed. Only Crystal violet and Florfenicol were detected in 
aquicultured shrimp samples between 0.2×10-1 μg/kg and 2.6 μg/kg, and were all 
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